A toxic substance contained in the blue-green alga Microcystis aeruginosa was purified and partially characterized. Toxic algal cells were collected from a highly eutrophic lake in Japan, and the toxin was purified by homogenization, ultrafiltration, gel filtration, and ion-exchange chromatography. The final preparation gave a single peak on high-performance liquid chromatography. The toxicity was somewhat less than that reported for other toxins from this alga. The water extract of 6.7 mg (dry weight) of cells and 72 ,ug of the purified protein was required to kill a mouse (1 mouse unit). The main amino acids of the toxin were glutamic acid, asparatic acid, alanine, glycine, arginine, and leucine. The molecular weight of the toxin was 2,950 as determined by high-performance liquid chromatography.
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Blue-green algal bloom appears in highly eutrophic waters during the warm season in Japan. Microcystis aeruginosa produces dense water bloom in many lakes and reservoirs for a longer period. Furthermore, in many cases, the scum of blue-green algae consists almost entirely of cells of M. aeruginosa.
It has been often demonstrated that some species of bloom-forming blue-green algae produce toxic substances which harm domestic animals (4, 5) . To date death of livestock caused by blue-green algae has not been reported in Japan, but, as reported previously (11) , toxicity expressed as mortality in mice was found in half of the samples of M. aeruginosa from the water bodies investigated. We have been testing the toxicity of alga from Lake Suwa since 1977 and have found the degree of toxicity to change, depending on the season of the year.
Although toxic M. aeruginosa has been found throughout the world (6, 12) , reports on the composition of its toxic substance are few. Bishop et al. (1) reported that the toxin of the alga was a cyclic polypeptide consisting of seven amino acids. Using the same strain as Bishop et al. (1) , Murthy and Capindale (10) reported a more complicated amino acid composition. Elleman et al. (2) reported a toxin composed of five amino acids and methylamine. In this study, we purified the toxin of the alga collected from Lake Suwa and determined its molecular weight.
MATERIALS AND METHODS
Collection and preparation of algal material. The toxin was purified from the cells of M. aeruginosa collected with a plankton net from the surface of Lake Suwa in Nagano Prefecture on 17 July 1979. A dense suspension was transferred into measuring glasses at the laboratory near the lake and allowed to stand. The algal cells rising to the surface were collected, freezedried, and stored at -20°C until used.
Assay of toxicity. Male white mice weighing 25 to 30 g were used. Dilutions of extract or fractions of 0.2-ml volumes were injected intraperitoneally into each of two mice, and toxicity was determined in terms of mouse units (the lowest amount killing both mice within 2 h).
Purification of toxin. Ten grams of freeze-dried algal material was homogenized in 200 ml of distilled water with Politoron (Kinematica GMBH, Luzern, Switzerland) for 5 min. The homogenate was kept at 5°C overnight and then centrifuged at 30,000 x g (average) for 20 min. The sediment was extracted twice with 100 ml of distilled water. The extracts were clarified by centrifugation, combined, and treated at 80°C for 3 min. The precipitate that formed was removed by centrifugation, and the supernatant was ultrafiltered on an Amicon Diaflo UM10 membrane filter. The residue (8 ml) was divided into four equal portions, and each portion was applied to a column of Sephadex G-75 (26 mm by 90 cm) and eluted with 0.05 M NaCl. The pool of toxic fractions (170 ml) was divided into two equal portions after concentration by evaporation at 35°C. Each portion was applied to a column of Sephadex G-50 (22 mm by 90 cm) and eluted with 0.05 M NaCl. 
RESULTS
Crude extract representing 6.7 mg (dry weight) of M. aeruginosa cells had 1 mouse unit or approximately 220 to 270 mg per kg of body weight. The toxicity of the water extract of the alga was not detectably reduced by heating at 80°C for 3 min. Toxin in the water extract did not pass through a UM10 membrane filter, which retains molecules larger than 10,000 daltons, at this purification step. Figure 1 shows the successive chromatography of the extract on Sephadex G-75 and G-50 columns. The toxic fractions obtained from a column of Sephadex G-50 were pooled and applied to a column of DEAESephadex A-25 (Fig. 2) . Since HPLC of the pool of toxic fractions from the ion-exchange column showed several protein peaks, the pool was further fractionated on a Sephadex G-25 column (Fig. 3) . Toxicity now coincided with the main protein peak, and HPLC analysis showed the material to be composed of a single substance. Figure 4 shows the results of HPLC on gel permeation to estimate the molecular weight of the toxin. This column is reported to have an exclusion limit of 20,000 molecular weight (3). The regression line was log Y = 6.67 -0.127 X, where Y is molecular weight and X is the elution volume. Since the elution volume of the toxin was 25.2 ml and slightly greater than that of glucagon, the molecular weight of the toxin was approximately 2,950. Table 2 shows the amino acid composition of the toxin. Glutamic acid, asparatic acid, alanine, glycine, arginine, and leucine were the main amino acid residues. The minimal molecu- 
DISCUSSION
The toxicity of M. aeruginosa collected from Lake Suwa varied with the year or season of collection (14) . The alga used in our study had the highest toxicity of the alga obtained from this lake. However, this toxicity was rather low compared with that reported for other M. aeruginosa isolates used to purify the toxin (Table 3; 1, 2, 10). The toxin purified in this study had 1 mouse unit of 72 ,ug (approximately 100% lethal dose = 2.6 mg per kg of body weight), less than the toxicity found by other workers (Table 3) . Konst et al. (7) reported that the oral 100% lethal dose for mice was 40 times higher than the intraperitoneal value. However, mice did not die after oral administration of the water extract of the cells collected from Lake Suwa at a dosage 40 times higher than intraperitoneal one.
The toxins purified by other workers from M. aeruginosa cells (1, 2, 10) were polypeptides, but they differed in amino acid composition and chemical nature. The toxin purified in this study was also a polypeptide, but some differences were found in amino acid composition. Only Rabin and Darbre (11) determined the molecular weight of the toxin as 1,750 ± 450 in polyacrylamide gel, but they provided no data on the relationship between the toxin and standard proteins. We found the molecular weight of the toxin to be 2,950 by HPLC, with a minimum of 770. The proteolytic enzymes did not affect the toxicity of the toxin reported by Bishop et al.
(1), but they rendered our toxin nontoxic, as published previously (11) . We might attribute the difference in amino acid composition, molecular weight, lethal dose, and chemical nature of the toxin to the algal material used for purification.
As mentioned above, death of livestock caused by M. aeruginosa or other blue-green algae has not occurred in Japan, although the alga was toxic to mice when administered intraperitoneally. Two possible explanations can be considered: (i) the content of the toxic substance in the algal cells is low; and (ii) the toxic substance itself has low toxicity. The results of our study favor the latter possibility, although the first cannot be excluded.
